abstract BACKGROUND: Legg-Calvé-Perthes disease (LCPD) is an idiopathic avascular necrosis of the femoral head. Its etiology is poorly understood, although previous studies have implicated low birth weight and possible genetic determinants. The aim of this study was to identify potential birth weight and genetic associations with LCPD.
Legg-Calvé-Perthes disease (LCPD)
is an idiopathic avascular necrosis of the femoral head, with severe cases resulting in collapse of the femoral head and osteoarthritis in young adult life. It currently has an annual incidence of 6 cases per 100 000 children, 1 which has been steadily in decline in recent years. The etiology of LCPD is poorly understood. A number of studies have shown a strong association with socioeconomic deprivation in childhood. [2] [3] [4] Other proposed associations include small stature, 5 dietary deficiencies, 6 passive smoking, 7, 8 childhood hyperactivity, 9 white European ancestry, latitude distance from the equator, 10 and an inherited predisposition to abnormal clotting. 11, 12 In their early descriptions of LCPD, both Jacques Calvé 13 and Georg Perthes 14 described siblings with the disease. There have since been a number of familial cases reported, 15 which raises the possibility of a major heritable component. Only 2 studies have used twins to investigate the etiology of LCPD. 5, 16 These were both small series drawn from LCPD registries and reported a total of 11 pairs in which 1 twin had the disease. Although these studies could not show a genetic basis for LCPD, it was noted that the twin with the lowest birth weight was universally affected in the smaller series of 5 twin pairs. 16 Twin studies are useful for delineating the importance of environmental and genetic factors. They can be used to study variation in environment (across pairs) and genetic constitution, because "identical" (monozygotic) twins share almost 100% of genes and "nonidentical" (dizygotic) twins ∼50%. 17 If monozygotic twins exhibit a greater concordance of LCPD than dizygotic twins, this suggests a genetic basis for the disease.
This study used a national cohort of LCPD twin pairs to explore the potential effects of heritability and birth weight on the development of LCPD. We hypothesized that there would be a measurable heritable component to the etiology of LCPD.
METHODS
A classic twin study was performed with the use of the Danish Twin Registry (DTR). The Danish Data Protection Agency confirmed that ethical approval was not required for analysis of data from which patient identifiers were removed.
Data Source
The DTR is the oldest national twin registry in the world with 85 000 twin pairs born in Denmark since 1870. 18 Although different data sources have been used over the decades to identify twin pairs, manual searching of parish registers suggests that 80% to 90% of eligible twins born after 1931 were captured. However, the DTR has more recently identified twins by using prospective administrative databases, ie, the Medical Birth Register and Danish Civil Registration System, and is thought to have included every twin pair born alive in Denmark since April 1, 1968. 18 Zygosity within the DTR is determined by self-reported degree of similarity, which has been shown to assign the correct zygosity in 96% of cases when confirmed with genetic testing. 19 Data within the DTR are collected by using linkage to administrative data sets such as the Danish National Patient Register (all admissions to hospital since 1977 and outpatient visits since 1996), large-scale postal questionnaires (administered in 1966, 1994, 2002, and 2003) , and regular interview surveys. 20 Data were available until March 2014.
Participants and Variables
All individuals with an International Classification of Diseases diagnosis code of LCPD captured within the national patient register during childhood (<16 years old) were included. The International Classification of Diseases codes were International Classification of Diseases, Eighth Revision (ICD-8), 722.11 and International Classification of Diseases, 10th Revision (ICD-10), M91.1 and M91.2. We excluded those diagnostic codes for diseases that "mimic" LCPD to attenuate misclassification: multiple epiphyseal dysplasia (ICD-10 Q78.8), spondyloepiphyseal dysplasia (ICD-10 Q77.7), hypothyroidism diagnosed before 16 years old (ICD-8 244, ICD-10 E03.9), and hip dysplasia (ICD-8 755.6, ICD-10 Q65). We also excluded LCPD cases diagnosed before the age of 2, because these were likely to represent either atypical disease or misclassification. In total, 3 twin pairs were excluded; 1 had a diagnosis of multiple epiphyseal dysplasia and 2 received their LCPD diagnosis before the age of 2 years.
Data fields extracted were gender, zygosity, and concordance for LCPD. Linkage to the Medical Birth Register enabled birth weight (to the nearest 100 g) for each co-twin to be determined from the birth cohort from 1979 onward. The total number of person-years of exposure of 0 to 16 year olds within the twin cohort since data on inpatient admissions began to be routinely captured (January 1977) was 1 017 054 years.
Statistical Analysis
Proband-wise concordance describes the likelihood that the co-twin of an individual with LCPD would also have the disease. It is calculated by using 2X/(2X + Y) where X represents the number of concordant pairs (both co-twins affected) and Y the discordant pairs. 21 χ 2 Tests were used for categorical variables and unpaired t tests for normally distributed continuous variables. Poisson confidence intervals (CIs) were used for estimates of disease incidence. All statistical analyses were performed by using Stata 13.0 (StataCorp, College Station, TX), and P < .05 was adopted as the threshold for significance.
Outpatient diagnoses were not captured within the Danish National Register of Births until 1996 onward. The data were therefore subanalyzed by a diagnostic date recorded "pre-1996" and "post-1996" to identify any systematic differences between these groups, particularly because less complex cases may be managed on a solely outpatient basis.
RESULTS
There were 81 twin pairs identified within the DTR, the earliest of which was born in 1966. Seventy-four males and 11 females were affected, with a mean age at diagnosis of 6.3 years (95% CI: 5.6-7.0 years). The incidence of LCPD was 8.4 (95% CI: 6.7-10.3) cases per 100 000 child-years of exposure, equating to a cumulative incidence of 1.3 cases per 1000 children. Ten pairs were monozygotic, 51 dizygotic (25 opposite gender, 26 same gender), and 20 of unknown zygosity (UZ). There were only 4 concordant pairs: 2 each in the dizygotic same-gender group and UZ groups. On the basis of this incidence, and assuming no familial aggregation, no concordant pairs were expected. Table 1 shows that the overall probandwise concordance was 0.09 (95% CI: 0.01-0.18): 0.00 for the monozygotic, 0.08 (95% CI: 0.00-0.18) for the dizygotic, and 0.18 (95% CI: 0.00-0.40) for the UZ group.
Sixty-four discordant pairs (83.1%) had a birth weight recorded within the DTR. Birth weight was not different between those twins with LCPD and those without LCPD in any of the 4 groups ( Table 2) . Across the data set of 64 discordant pairs with recorded birth weight, those with LCPD weighed 2.4 kg (SD: 0.7 kg) and those without LDPD weighed 2.4 kg (SD: 0.7 kg) (P = .999, t test). The affected twin was heaviest in 28 (43.8%), lightest in 28 (43.8%), and of equal weight in 8 (12.5%) cases (P = .632, χ 2 test).
DISCUSSION
To our knowledge, this is the largest reported twin study to investigate the etiology of LCPD, but we did not find any evidence of a strong heritable component or an association with birth weight. Although there were several episodes of concordance across the data set of twins, none were found among the monozygotic pairs. Given that the cumulative incidence of LCPD across the whole twin registry was 1.3 cases per 1000 children, the observation that 4 co-twins were affected among 81 twin pairs suggests that LCPD does cluster within families. However, the absence of concordant monozygotic twin pairs suggests that such clustering is unlikely to have a strong genetic basis. Because twins are typically raised together, it is possible that the origins of LCPD occur in utero or in the early childhood environment.
A number of sibling cases have previously been described, [13] [14] [15] including reports of identical twins in whom both children developed LCPD. [22] [23] [24] [25] However, these cases are likely to have been published because of the interesting observation of sibling concordance and so the literature is likely to reflect a selection bias. Studies that have reported high family concurrences often did not distinguish between LCPD and the many skeletal dysplasias that affect the hip joint, eg, multiple epiphyseal dysplasia. 5 Two earlier studies that drew twins from LCPD registries were unable 3 by guest on September 13, 2017 Downloaded from to support a genetic cause 5, 16 but included only 11 twin pairs (3 monozygotic pairs). Our study in 81 twin pairs provides much stronger evidence of an environmental etiology for LCPD.
In 1 of the 2 previous studies, Lappin et al noted that the affected individual was the twin with the lowest birth weight in all 5 cases. 16 This finding is consistent with evidence that children with LCPD are of relatively small stature, 26, 27 have disproportionately reduced arterial caliber, 28 and may exhibit delayed skeletal maturation. 29 However, there were no differences between the birth weights of affected and unaffected twins in our study. It is likely that the finding reported by Lappin et al arose by chance given the small number of patients in their series.
The strengths of this study are the relatively high number of twin pairs and the use of a comprehensive population-based twin registry. It was important to use a population data setbecause both monozygotic and concordant twins are often overrepresented in disease registries. 30, 31 A further advantage of the DTR is that the diagnosis of LCPD was prospectively recorded as a part of routine clinical care due to linkage between the DTR and administrative data sets such as the Danish Patient Registry. Although internal validation of each LCPD diagnosis was not possible, the cumulative incidence was consistent with published literature, and the appropriate age/ gender distribution of cases offers external validity to suggest that disease coding was appropriate.
The principal limitation of this study is the limited number of twin pairs available, particularly within the monozygotic group. In addition, zygosity was unavailable for 2 concordant twin pairs, which raises the theoretical possibility of there being 2 additional concordant monozygotic pairs. However, because the DTR is one of the largest twin registries in the world, 20 it is unlikely that a larger cohort of affected twin pairs could be identified without systematic registration of LCPD cases on an international scale.
CONCLUSIONS
We have reported the largest existing study of twin pairs affected by LCPD drawn from a comprehensive population registry. These data suggest that the absolute risk that a co-twin of an affected individual will develop LCPD is low, even in the case of monozygotic twin pairs. Although our study found evidence of familial clustering, it was unable to show a major genetic component.
